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QP7KHHQHUJ\VFDOHZDVFDOLEUDWHGZLWKUHIHUHQFHWRWKH&VOLQHDW%( H9)LUVW;36
PHDVXUHPHQWVZHUHWDNHQRYHUDVXUYH\VSHFWUXPFRYHULQJDUDQJHRIH9WRLGHQWLI\DOOSHDNV
DQG WKHSUHVHQFH RI FRQWDPLQDQWV $IWHUZDUGV D VFDQQLQJ RI WKH LQGLYLGXDO SHDNV LQ PRUH GHWDLO
RYHUDVPDOOHU UDQJHRIH9ZDVXQGHUWDNHQ7KHGHWDLOHGVSHFWUDRI WKHHOHPHQWV LGHQWLILHG
DUHDFTXLUHGWRHVWDEOLVKWKHGLIIHUHQWFKHPLFDOVWDWHVRI WKHVSHFLHVDQGWRSHUIRUPDTXDQWLWDWLYH
DQDO\VLVXVLQJ3+,PXOWLSDFNVRIWZDUH7KHFKHPLFDOVSHFLHVFRUUHVSRQGLQJWRHDFKELQGLQJHQHUJ\
ZHUHGHWHUPLQHGXVLQJVWDQGDUGPDWHULDOV WKH;36KDQGERRN >@DQGRQOLQHGDWDEDVH >@7KH
;36SKRWRSHDNVZHUHILWWHGZLWKD6KLUOH\EDFNJURXQGDQG WKHTXDQWLILFDWLRQ LVFDOFXODWHGZLWK
:DJQHUVHQVLELOLW\IDFWRUV>@
'HSWK SURILOLQJ IRU WKH WULERILOP RQ WKH VWHHO EDOO UXEEHG DJDLQVW WKH D&+6L2 '/& ZDV DOVR
FRQGXFWHGXVLQJN9$UERPEDUGPHQW
 1DQRLQGHQWDWLRQ
7KHPHFKDQLFDO SURSHUWLHVRI WKH'/& FRDWLQJ WKH WULERILOP JHQHUDWHGRQ WKH VWHHO EDOO FRXQWHU
SDUW DQG WKH VWHHO VXEVWUDWH DUH PHDVXUHG E\ PHDQV RI QDQRLQGHQWHU IURP 076 7KH QDQR
LQGHQWDWLRQH[SHULPHQWVZHUHFRQGXFWHGLQGLIIHUHQW]RQHVGLUHFWO\RQWKHWULERILOPIRUPHGRQWKH
VWHHO EDOO 7KLV V\VWHP LV HTXLSSHG ZLWK DQ RSWLFDO PLFURVFRSH WKURXJK ZKLFK LW LV SRVVLEOH WR
FKRRVHDGHVLUHGDUHDIRUWKHPHDVXUHPHQW
  ?
7KHLQGHQWDWLRQVZHUHFDUULHGRXWXVLQJD%HUNRYLFKW\SHWLSJHRPHWU\LQDG\QDPLFPRGHORDGLQJ
UDWHRIV+DUGQHVVYVSHQHWUDWLRQGHSWKFXUYHVZHUHUHFRGHGXVLQJDPD[LPXPORDGRI
P17KHH[SHULPHQWVZHUHSHUIRUPHGDWOHDVWDWWKUHHWLPHVRQWKHGLIIHUHQWORFDWLRQVFKRVHQ

 7UDQVPLVVLRQ(OHFWURQ0LFURVFRSH7(0
7KHGHWDLOHGPLFURVWUXFWXUDOFKDUDFWHUL]DWLRQRIWKHWULERILOPIRUPHGDWWKHZRUQVWHHOEDOOUXEEHG
DJDLQVW '/& FRDWLQJ ZDV SHUIRUPHG XVLQJ WKH )RFXV ,RQ %HDP ),% FURVVVHFWLRQ 3ULRU WR
VHFWLRQLQJWKHFURVVVHFWLRQ WKHWULERILOPZDVSURWHFWHGZLWKSODWLQXPOD\HUV7KHDQDO\VLVRIWKH
ZHDUSDUWLFOHVFROOHFWHGRQDFDUERQJULGKDVDOVREHHQFRQVLGHUHG0LFURVFRSLFREVHUYDWLRQVZHUH
WDNHQLQDN9DFFHOHUDWLRQYROWDJH7UDQVPLVVLRQ(OHFWURQ0LFURVFRSH-(2/)+57(0
HTXLSSHGZLWK(QHUJ\'LVSHUVLYH;5D\6SHFWURVFRS\(';7KXV WKHIRXUFODVVLFDO WHFKQLTXHV
KDYH EHHQ HPSOR\HG 6HOHFWHG $UHD (OHFWURQ 'LIIUDFWLRQ 6$(' IRU WKH FU\VWDOORJUDSKLF
GHWHUPLQDWLRQ RI WKH FU\VWDOOL]HG FRPSRXQGV (OHFWURQ ,PDJLQJ XS WR KLJK PDJQLILFDWLRQ WKH VR
FDOOHG+LJK5HVROXWLRQ ,PDJLQJ(OHPHQWDOFKHPLFDOPDSSLQJXVLQJ(';VSHFWURVFRS\DQGKLJK
$QQXODU'DUN)LHOGLPDJLQJ+$$')IRUFKHPLFDOFRPSRXQGUHYHODWLRQ

 5HVXOWV
&KDUDFWHULVDWLRQRISULVWLQHD&+6L2'/&FRRDWLQJ
$ SUHOLPLQDU\ VWXG\ ZDV FRQGXFWHG WR LQYHVWLJDWH WKH VWUXFWXUH RI WKH '/& ILOP LQWHUPV RI WKH
HOHPHQWDO FKHPLFDO FRPSRVLWLRQ DQG ERQG K\EULGL]DWLRQ 7KHVH UHVXOWV RQ WKH SULVWLQH '/&
PDWHULDODORQJZLWKWKHRWKHUFKDUDFWHUL]DWLRQVPDGHLQWKLVVWXG\HQDEOHWKHLPSURYHPHQWRIWKH
QHZSURSRVHGZHDUPRGHO
 ;36DQDO\VLVRISULVWLQH'/&FRDWLQJ
  ?
7KH6LSSKRWRSHDNVUHFRUGHGRQWKH'/&FRDWHGIODWFRXSRQSULRUWRWKHWULERWHVWDUHVKRZQLQ
)LJXUH7KHILWWLQJKDVEHHQGRQHXVLQJIRXUFRQWULEXWLRQVDWH9H9H9DQG
H9FRUUHVSRQGLQJWRWKHGLIIHUHQWR[LGDWLRQVWDWHVRIVLOLFRQ


)LJ;36VSHFWUXPIRU6LSIRUWKHD&+6L2'/&FRDWLQJSULRUWRWKHWULERORJLFDOFKDUDFWHUL]DWLRQ

 7(0REVHUYDWLRQV
7KHORZPDJQLILFDWLRQLPDJHRIWKHVLOLFRQDQGR[\JHQGRSHG'/&FRDWLQJGLVSOD\HGLQ)LJXUH
VKRZVWKHPXOWLOD\HUVWUXFWXUHRIWKLVFRDWLQJ7KHILUVWOD\HUVWDUWLQJIURPWKHWRSOHIWLVWKHVWHHO
VXEVWUDWH IROORZHG E\ D WLWDQLXP LQWHUOD\HU XVHG WR LPSURYH DGKHVLRQ )LQDOO\ EHORZ WKH EODFN
SODWLQXP OD\HUV GHSRVLWHG WR SURWHFW WKH VXUIDFH GXULQJ WKH ),% VSHFLPHQ SUHSDUDWLRQ D  ȝP
WKLFN '/& OD\HU FDQ EH LGHQWLILHG 7R REWDLQ PRUH LQIRUPDWLRQ DERXW WKH '/& VWUXFWXUH (';
FRPSRQHQW PDSV ZHUH JHQHUDWHG IRU FDUERQ & R[\JHQ 2 VLOLFRQ 6L WLWDQLXP 7L DQG
SODWLQXP 3W )LJXUH  'XH WR WKH SUHVHQFH RI FRQWDPLQDQWV PHDQLQJIXO PDSV FRXOG QRW EH
  ? ?
REWDLQHGIRUWKHFDUERQ+RZHYHULWLVSRVVLEOHWRREWDLQDQHOHPHQWDOGLVWULEXWLRQZLWKLQWKHUHJLRQ
RILQWHUHVW7KHKRPRJHQHRXVGLVWULEXWLRQRIVLOLFRQLQVLGHWKH'/&FRDWLQJFDQEHQRWHG
)LJ/RZPDJQLILFDWLRQ7(0LPDJHRI'/&FRDWLQJFURVVVHFWLRQ


)LJ(';PDSSLQJUHYHDOLQJWKHPXOWLOD\HUHGVWUXFWXUHRI'/&FURVVVHFWLRQ
(YLGHQFHRI'/&ZHDULQGXFHGE\0R'7&DGGLWLYH
 7ULERORJLFDOEHKDYLRXU
7KH IULFWLRQ FRHIILFLHQW DV D IXQFWLRQ RI WLPH DQG WKH ZHDU UDWH PHDVXUHPHQWV REWDLQHG LQ KH
SUHVHQFHRIWKHPLQHUDOEDVHRLOZLWKDQGZLWKRXW0R'7&DGGLWLYHDUHVKRZQLQ)LJXUH
  ? ?


)LJ)ULFWLRQFRHIILFLHQWDQGZHDUUDWHPHDVXUHGRQWKH'/&FRDWLQJIRUWKHIULFWLRQSDLUD&+6L2'/&VWHHOOXEULFDWHG
E\EDVHRLOZLWKDQGZLWKRXW0R'7&

,WFDQEHREVHUYHGWKDW0R'7&FRQWDLQLQJRLOSURYLGHVDQLPSRUWDQWIULFWLRQUHGXFWLRQRQO\GXULQJ
WKH ILUVW F\FOHV 7KLV UHVXOW LV UHSHDWDEOH HYHQ LI WKH OHQJWK RI WKH ORZIULFWLRQ SHULRG FDQ YDU\
$IWHUZDUGVDVWHDG\VWDWHIULFWLRQFRHIILFLHQWVLPLODUWRWKDWREWDLQHGZLWKWKHDGGLWLYHIUHHEDVHRLO
LV GHPRQVWUDWHG ,W LV EHOLHYHG WKDW GXULQJ WKH ILUVW SDUW RI WKH WHVW D PRO\EGHQXP R[LVXOILGH
0R6[2\EDVHG WULERILOP IRUPDWLRQ WDNHV SODFH 7KLV KDSSHQV PDLQO\ RQ WKH VWHHO FRXQWHUSDUW
DQGLWLVUHVSRQVLEOHIRUWKHVKRUWIULFWLRQUHGXFWLRQ)XUWKHUPRUHZKHQD0R'7&FRQWDLQLQJEDVH
RLOLVHPSOR\HGPXFKKLJKHUZHDURQWKH'/&FRDWHGIODWFRXSRQLVREWDLQHG,QDSUHYLRXVSDSHU
>@LWZDVVKRZQWKDWWKHD&+6L2'/&SUHVHQWVWKHZRUVWWULERORJLFDOEHKDYLRXUFRPSDUHGWR
RWKHU K\GURJHQDWHG '/& FRDWLQJV WHVWHG XQGHU WKH VDPH FRQGLWLRQV FRQILUPLQJ WKH FOHDU
DQWDJRQLVPEHWZHHQ0R'7&DQG6LGRSHG'/&LQVWHHO'/&FRQWDFWVDOUHDG\UHSRUWHGLQSUHYLRXV
VWXG\>@
 ;36DQDO\VLVRIWKHUXEEHGVXUIDFHV
;UD\3KRWRHOHFWURQ6SHFWURVFRS\;36DQDO\VLVZDVHPSOR\HGWRVWXG\WKHFKHPLFDOFRPSRVLWLRQ
RI WKH WULERILOP IRUPHGRQ WKHZHDU VFDUVRIERWK WKH FRDWHG IODW FRXSRQDQG VWHHO EDOO$OO ;36
DQDO\VHVZHUHSHUIRUPHGDWWKHHQGRIWKHWULERORJLFDOWHVWV,WKDVEHHQREVHUYHGWKDWPRO\EGHQXP
UHODWHGSHDNVZHUHQRWGHWHFWHGRQWKH'/&VDPSOH)LJXUH
  ? ?
2QWKHRWKHUKDQGWKHDQDO\VHVSHUIRUPHGRQWKHZHDUVFDURIWKHVWHHOEDOODUHVKRZQLQ)LJXUH
7KH\UHYHDOHGWKHSUHVHQFHRIFDUERQR[\JHQPRO\EGHQXPLURQVXOSKXUDQGWUDFHVRIVLOLFRQ2Q
0RGDQG&VSHDNVFRQWULEXWLRQVFDQEHDWWULEXWHGWRFDUELGHVSHFLHVZLWK&0RERQGLQJLQERWK
FDUERQ &V DQG PRO\EGHQXP 0RG SKRWRSHDNV WRJHWKHU ZLWK WKH PRUH FRPPRQ && &2
0R6DQG02FRQWULEXWLRQV

)LJ;36VXUYH\VSHFWUDIRUWKHD&+6L2'/&FRDWHGIODWFRXSRQ

  ? ?

)LJ  ;36 VXUYH\ DQG &V DQG 0RG VSHFWUD IRU WKH WULERILOP IRUPHG RQ WKH VWHHO FRXQWHUSDUW UXEEHG DJDLQVW DQ D
&+6L2'/&FRDWLQJ

&KDUDFWHUL]DWLRQRIWKHWULERILOPJHQHUDWHGRQWKHVWHHOFRXQWHUSDUW
)XUWKHUDFFXUDWHLQYHVWLJDWLRQVRIWKHWULERILOPJHQHUDWHGRQWKHVWHHOEDOOFRXQWHUSDUWDUHQHHGHGWR
REWDLQ GHHSHU LQVLJKWV LQWR WKH ZHDU SURFHVV RI WKH '/& FRDWLQJ 7KHUHIRUH D PHWKRGRORJ\
FRPELQLQJDQ;36VSXWWHULQJSURILOHDQG7(0WHFKQLTXHFRXSOHGZLWK(';DQG6$('DQDO\VHV
  ? ?
ZDVXVHGWRSHUIRUPDGHWDLOHGFKDUDFWHUL]DWLRQRIWKHWULERILOPIRUPHGRQWKHVWHHOEDOOFRXQWHUSDUW
VOLGDJDLQVWD&+6L2'/&
 ;36VSXWWHULQJSURILOH
7R REWDLQ PRUH LQIRUPDWLRQ DERXW WKH 0R DQG & HOHPHQW GLVWULEXWLRQ LQVLGH WKH WULERILOP ;36
GHSWKSURILOHVZHUHWDNHQRQWKHWULERILOPIRUPHGRQWKHVWHHOEDOOVOLGDJDLQVWWKHD&+6L2'/&
)LJXUH  DQG )LJXUH  ,W FDQ EH VHHQ WKDW DIWHU VSXWWHU F\FOHV  PLQ WKH PDMRULW\ RI WKH
FDUERQ FRQWDPLQDWLRQ KDV EHHQ UHPRYHG ZKLOH WKH SHDN FRUUHVSRQGLQJ WR WKH FDUELGH VSHFLHV
EHFRPHVSUHGRPLQDQW7DNLQJLQWRDFFRXQWWKDWWKHSUHVHQFHRIWKHPRO\EGHQXPFDUELGHVSHFLHVLV
VWLOO FOHDU LQ WKH 0RG FRQWULEXWLRQ DIWHU WKH VSXWWHULQJ WLPH LW LV SRVVLEOH WR FRQILUP WKH PDLQ
SUHVHQFH RI 0R&; VSHFLHV LQ WKH ZKROH WULERILOP IRUPHG RQ WKH VWHHO EDOO 3OHDVH QRWH WKDW WKH
VSHFWUDDUHVOLJKWO\VKLIWHGWRORZHUELQGLQJHQHUJ\LQ)LJXUHFHUWDLQO\GXHWRDQLQFUHDVHRIWKH
FDUELGHVFRQWULEXWLRQ+RZHYHUVRPHDUWHIDFWVGXHWRWKHLRQVSXWWHULQJFDQQRWEHH[FOXGHG

)LJ;36GHSWKSURILOHVRIWKHWULERILOPIRUPHGRQWKHVWHHOEDOOUXEEHGDJDLQVWDQD&+6L2'/&FRDWLQJ


  ? ?

)LJ  ;36 VSHFWUD ]RRPHG LQ WKH PRO\EGHQXP DQG FDUERQ HQHUJ\ UHJLRQ HDFK FRORU LV DVVRFLDWHG ZLWK D VSXWWHU F\FOH
QXPEHUDQGYHUWLFDOOLQHVFRUUHVSRQGWRVWDQGDUGSHDNFRQWULEXWLRQV

 7(0DQDO\VLV
7KHDELOLW\WRGLUHFWO\LPDJHDFURVVVHFWLRQRIWKHWULERILOPIRUPHGRQDVWHHOEDOOE\PHDQVRI),%
FRXSOHG ZLWK 7(0 DQG WKH SRVVLELOLW\ WR PRQLWRU LWV FKHPLVWU\ XVLQJ ('; DQDO\VLV KDYH EHHQ
HPSOR\HGWRREWDLQPRUHLQIRUPDWLRQDERXWWKHLQWHUDFWLRQEHWZHHQWKH'/&FRDWLQJDQG0R'7&
DGGLWLYH 7KH 7(0 VSHFLPHQ KDV EHHQ SUHSDUHG E\ VHOHFWLQJ D VSHFLILF UHJLRQ RI WKH VWHHO EDOO
VXUIDFHWRLQFOXGHWKHZKLWHSDWFK\DUHDVVHHWKHUHGUHFWDQJOHLQ)LJXUH


)LJ6(0LPDJHV RI WKH WULERILOP IRUPHGRQ WKHVWHHOEDOODIWHUD WULERWHVWDJDLQVW WKHD&+6L2'/&DDQGFURVV
VHFWLRQRIWKHOD\HUHGVWUXFWXUHRIWKHFURVVVHFWLRQSHUIRUPHGLQWKH]RQH)RULQWHUSUHWDWLRQRIWKHUHIHUHQFHVWRFRORULQWKLV
ILJXUHWKHUHDGHULVUHIHUUHGWRWKHZHEYHUVLRQRIWKLVDUWLFOH

  ? ?
)LJXUHVKRZVD+LJK$QJOH$QQXODU'DUN)LHOG+$$')LPDJHRIWKHWULERILOP$VWURQJ=
FRQWUDVWRIHOHPHQWV LVVKRZQLQ WKH WULERILOP WKH ORZHVW LV WKHDWRPLFQXPEHU WKHGDUNHU LV WKH
FRQWUDVWDQGWKHWUDQVYHUVHEDQGVDUHGXHWRWKLFNQHVVYDULDWLRQVRIWKH),%WKLQIRLO7KH]RRPHG
LPDJHLQ)LJXUHVKRZVWKDWGLIIHUHQWOD\HUVFDQEHGLVWLQJXLVKHGWKHUHJLRQRQWKHWRSUHSUHVHQWV
WKHSODWLQXPSURWHFWLRQOD\HUXVHGWRDYRLGGDPDJHGXULQJWKHVDPSOH),%SURGXFWLRQWKHȝP
WKLFNDUHDUHSUHVHQWVWKHWULERILOPDQGWKHODVWOD\HULVWKHVWHHO
+$$') LPDJLQJ LV FRPPRQO\ SHUIRUPHG LQ SDUDOOHO ZLWK ('; DFTXLVLWLRQV 7KH FRUUHVSRQGLQJ
FKHPLFDOPDSV)LJXUHGHSLFWWKHFRPSRVLWLRQIRUWKHOD\HUHGVWUXFWXUHRIWKHFURVVVHFWLRQ$V
DPDLQUHVXOWWKHWULERILOPLVVKRZQWRKDYHPRO\EGHQXPFRQWHQWLQDOOSDUWV


)LJ+$$')LPDJHVRIWULERILOPIRUPHGRQWKHVWHHOEDOOUXEEHGDJDLQVWDQD&+6L2'/&FRDWHGIODWFRXSRQ]RRPHG
UHJLRQRQULJKW


)LJ7(0(';PDSSLQJUHYHDOLQJWKHFKHPLFDOFRPSRVLWLRQRIWKHVWUXFWXUHRIWKHWULERILOPFURVVVHFWLRQ

  ? ?
+LJKHUPDJQLILFDWLRQ7(0LPDJHVWDNHQRQWKLV),%FURVVVHFWLRQ)LJXUHLQGLFDWHWKDWRQWKH
WRSSDUWRIWKHWULERILOPWKHUHLVDKHWHURJHQHRXVH[WUDOD\HU$Q(';OLQHDUVFDQDQDO\VLVVKRZV
WKDWWKLVWKLQOD\HULVULFKLQWLWDQLXP)LJXUH
$ VHOHFWHGDUHD HOHFWURQ GLIIUDFWLRQ 6$(' SDWWHUQ FDQP GLDPHWHU ZDV REWDLQHG LQ WKH
WULERILOPPDWHULDODVVKRZQLQ)LJXUH7KHGLIIUDFWLRQSDWWHUQREWDLQHGIURPWKHDUHDVKRZQLQ
WKHLQVHWLVUHSUHVHQWDWLYHRID'HE\H6FKHUUHUW\SHGLIIUDFWLRQZKHUHWKHGLIIUDFWLRQULQJVDUHWKH
UHVXOWRIQXPHURXVILQHFU\VWDOVOLWXSE\WKHHOHFWURQEHDP,WKDVEHHQRYHUODLGZLWKWKHWKHRUHWLFDO
SDWWHUQRIWKH0R&SKDVHKDYLQJDIDFHFHQWHUHGFXELFODWWLFHIFFDVLGHQWLILHGLQWKH-3'6ILOH
>@$JRRGFRUUHODWLRQLVREVHUYHGEHWZHHQWKHH[SHULPHQWDO6$('SDWWHUQRIWKHWULERILOPDQG
WKH WKHRUHWLFDO SDWWHUQ IRU WKH 0R& SKDVH FOHDUO\ FRQILUPLQJ WKH SUHVHQFH RI 0R& FU\VWDOV $
EULJKWILHOG%)LPDJHRIWKHWULERILOPDDQGDVHULHVRIGDUNILHOG')7(0LPDJHVEFDQGG
DUHDOVRVKRZQLQ)LJXUH7KH7(0')FURVVVHFWLRQLPDJHVDUHREWDLQHGDIWHUDVHOHFWLRQRID
VPDOOSDUWRI WKHILUVW WZRULQJVVRDVPDOO IUDFWLRQRI WKHFU\VWDOOLQHJUDLQVDSSHDUEULJKW7KHVH
LPDJHV UHYHDOHG D QDQRFU\VWDOOLQH VWUXFWXUH IRU WKH WULERILOP ZLWK D FDUELGH FU\VWDOOLWH JUDLQ
DYHUDJHVL]HYDU\LQJEHWZHHQFDQPDQGFDQP

  ? ?

)LJ7(0LPDJHVIRUWKHWULERILOPIRUPHGRQWKHVWHHOEDOO$VHULHVRIKLJKHUUHVROXWLRQLPDJHVDUHDOVRVKRZQ7KHEOXH
DUURZVSRLQWWRWKHH[WUDOD\HULGHQWLILHGDWWKHWULERILOPSODWLQXPLQWHUIDFH)RULQWHUSUHWDWLRQRIWKHUHIHUHQFHVWRFRORULQ
WKLVILJXUHOHJHQGWKHUHDGHULVUHIHUUHGWRWKHZHEYHUVLRQRIWKLVDUWLFOH
  ? ?
)LJ0RO\EGHQXPDQGWLWDQLXP(';OLQHVFDQVUHFRUGHGDFURVVWKHWULERILOPIRUPHGRQWKHVWHHOEDOO


)LJ6$('SDWWHUQ IRU WKH DUHDRI WKH WULERILOP VKRZQ LQ WKH LQVHW$ EULJKWILHOG LPDJH DDQG D VHULHV RI GDUNILHOG
LPDJHVEFGSHUIRUPHGRQWKHWULERILOPIRUPHGRQWKHVWHHOEDOO
7DEOHGLVSOD\VWKHFRPSDULVRQEHWZHHQWKHWKHRUHWLFDODQGH[SHULPHQWDOQXPHULFDOUHVXOWVIRUWKH
GVSDFLQJRI WKHULQJV7KLVFRQILUPV WKDW WKHHOHFWURQGLIIUDFWLRQSDWWHUQREWDLQHGFDQEHGLUHFWO\
LQWHUSUHWDEOHDVFU\VWDOOLQHPRO\EGHQXPFDUELGHFRPSRXQGV
  ? ?


E ? ĚĞǆƉ ?Ŷŵ ? ĚDŽ ?Ŷŵ ?  ?ŚŬů ?
 ?  ? ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?  ? ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ? ?  ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?
 ?Ǥ([SHULPHQWDOPLOOHULQGLFHVSHUIHFWO\PDWFKLQJWRWKHPRO\EGHQXPFDUELGHWKHRUHWLFDOYDOXHV-3'6


$Q DFFXUDWH DQDO\VLV RI WKH 6$(' SDWWHUQ FRQGXFWHG RQ WKH WULERILOP )LJXUH  UHYHDOHG H[WUD
VSRWVZKLFKFDQEHLQWHUSUHWHGDVFU\VWDOOLQHJUDSKLWLFEDVHGPDWHULDO

)LJ6$('SDWWHUQRIWKHWULERILOPVKRZLQJWKHH[WUDVSRWVSUHVHQWLQWKHSDWWHUQD6RPHH[SHULPHQWDO0LOOHULQGLFHV
PD\PDWFKWKHJUDSKLWHWKHRUHWLFDOYDOXHV-&3'6E

,Q IDFW FRPSDULQJ WKH DSSUR[LPDWHH[SHULPHQWDO DQG WKHRUHWLFDO -&3'6YDOXHV IRU
WKHGVSDFLQJRI WKHULQJV 7DEOH LQ)LJXUHLWFDQEHFOHDUO\ VHHQ WKDW WKHUH LV JRRGPDWFKLQJ
  ? ?
EHWZHHQWKHVWUXFWXUHSUHVHQWLQVLGHWKHWULERILOPDQGWKHJUDSKLWLFEDVHGPDWHULDOHYHQLILWLVLQD
PXFKVPDOOHUDPRXQWLQFRPSDULVRQWRWKH0R&VSHFLHV
$KLJKUHVROXWLRQ7(0PLFURJUDSKRIDQLVRODWHGJUDLQLVVKRZQLQ)LJXUH7KHIULQJHVLQWKH
LPDJHDQG WKH FRUUHVSRQGLQJ VSRWV LQ WKH )RXULHU WUDQVIRUP LQVHW LQ )LJXUH FRQILUP WKDW WKH
WULERILOP IRUPHG RQ WKH VWHHO EDOO KDV D FU\VWDOOLQH VWUXFWXUH DQG WKDW WKH LQWHUUHWLFXODU GLVWDQFHV
7DEOH  PDWFK WKRVH RI WKH 0R& FRPSRXQG DV SUHYLRXVO\ JLYHQ +RZHYHU WKH DQJOHV RI WKH
UHWLFXODUSODQHVGRQRWPDWFKSHUIHFWO\ZLWKDQIFFODWWLFH7KLVFRXOGEHH[SODLQHGE\FRQVLGHULQJ
VRPH FU\VWDO GHIRUPDWLRQV DV D UHVXOW RI LQWHUQDO VWUHVVHV RU E\ VXSSRVLQJ WKDW WKHUH LV D VSHFLILF
VXSHUSRVLWLRQRIWZRFU\VWDOVRI0R&


)LJ+LJKUHVROXWLRQ7(0LPDJHUHFRUGHGRQWKHWULERILOPIRUPHGRQWKHVWHHOEDOOGXULQJWKHWULERWHVW,QWKHLQVHWLVWKH
LQGH[HG)DVW)RXULHU7UDQVIRUP))7RIWKHPLFURJUDSK
  ? ?

E ? ĚĞǆƉ ?Ŷŵ ? Ě'ƌĂƉŚŝƚĞ ?Ŷŵ ? ?ŚŬů ? ŶŐůĞƐ ?ĞǆƉ ? ŶŐůĞƐ ?ƚŚĞŽƌǇ ?
 ?  ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?  ? ?  ? ?
 ?  ? ? ? ? ?  ? ? ? ? ? ?  ? ? ?  ? ? ? ? ?  ? ? ? ? ?
 ?  ? ? ? ? ?  ? ? ? ? ?  ? ? ?  ? ? ? ? ?  ? ? ? ? ?
 ?  ? ? ? ? ?  ? ? ? ? ?  ? ? ?  ? ? ? ? ? ?  ? ? ? ? ? ?
 ?Ǥ&RPSDULVRQEHWZHHQH[SHULPHQWDODQGWKHRUHWLFDOLQWHUUHWLFXODUGLVWDQFHVDQGDQJOHVRI0R&-&3'6

 1DQRLQGHQWDWLRQ
0RO\EGHQXPFDUELGHLVZLGHO\XVHGIRUFXWWLQJWRROVDQGDEUDVLYHPDWHULDOV>@GXHWRLWVKLJK
KDUGQHVV±*3D>@)RUWKLVUHDVRQQDQRLQGHQWDWLRQKDVEHHQHPSOR\HGWRHYDOXDWHWKH
PHFKDQLFDOSURSHUWLHVRIWKH0R&FRQWDLQLQJWULERILOPIRUPHGRQWKHVWHHOEDOOLQRUGHUWRNQRZLI
DEUDVLYH ZHDU VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ GXULQJ WKH REVHUYHG ZHDU SURFHVV )LJXUH 
VKRZV WKH KDUGQHVV RI WKH GLIIHUHQW ]RQHV LGHQWLILHG RQ WKH WULERILOP )RU HDFK LQGHQWDWLRQ
SHUIRUPHGWKHVDPSOHZDVLPDJHGDIWHUWKHWHVW)LJXUHVDEF

)LJ1DQRLQGHQWDWLRQFXUYHVIRUWKHVHOHFWHGDUHDVVWHHOVXEVWUDWHDZHDUWUDFNEDQGZKLWHVSRWVF
  ? ?

7KH YDOXHV REWDLQHG LQ WKH  QP GLVSODFHPHQW ]RQH DUH DVVXPHG WR EH UHSUHVHQWDWLYH RI WKH
KDUGQHVVIRUWKH'/&DQDO\VHG*3DDQGWKH&VWHHOVXEVWUDWHXVHG±*3D,WPD\EH
REVHUYHGWKDWWKH'/&FRDWLQJLVVWLIIHUWKDQERWKWKH0R&FRQWDLQLQJWULERILOPZKLWHVSRW±a
*3DDQGWKHVWDQGDUGKHDWWUHDWHG&VWHHOVXEVWUDWH+5& DSSUR[LPDWHO\*3D7KHVH
ILQGLQJV VXJJHVW WKDW WKH ZHDU SURGXFHG RQ WKH '/&FRDWHG IODW FRXSRQ FDQQRW EH FRQVLGHUHG
DEUDVLYHZHDU
7ULERORJLFDOEHKDYLRXURI'/&'/&WULERSDLUVLQWKHSUHVHQFHRI0R'7&
7R VWXG\ WKH FDWDO\WLF UROH RI WKH VWHHO LQ WKH '/& ZHDU PHFKDQLVPV WKH '/&'/& WULERSDLU
FRQILJXUDWLRQKDVEHHQWHVWHG7KHIULFWLRQFRHIILFLHQWYHUVXVWLPHFXUYHVREWDLQHGLQWKHSUHVHQFH
RIEDVHRLODORQHDQGZLWK0R'7&FRQWDLQLQJEDVHRLODUHSORWWHGLQ)LJXUHD7KHEDVHRLOJDYH
UHODWLYHO\ KLJK IULFWLRQ FRHIILFLHQW DSSUR[LPDWHO\  D YDOXH VLPLODU WR WKRVH REWDLQHG IRU WKH
VWHHOVWHHODQGVWHHO'/&FRQILJXUDWLRQV+RZHYHUEOHQGLQJLQZWRI0R'7&LQWRWKHEDVHRLO
OHDGV WR D FRQVLVWHQW UHGXFWLRQ LQ IULFWLRQ ,Q WKLV FDVH WKH ZHDU SURGXFHG RQ WKH VLOLFRQGRSHG
'/&FRDWHGIODWFRXSRQ)LJXUHELVPXFKOHVVVLJQLILFDQWWUDFNZLGWKPZKLOH+HUW]LDQ
GLDPHWHULVPWKDQWKDWLQWKHSUHYLRXVVWHHO'/&FRQILJXUDWLRQ

)LJD)ULFWLRQEHKDYLRXURIVLOLFRQGRSHG'/&'/&WULERSDLUFRQILJXUDWLRQOXEULFDWHGE\0R'7&FRQWDLQLQJEDVHRLO
E)ULFWLRQZHDUWUDFNRQWKHVLOLFRQGRSHG'/&IODWFRXSRQ
  ? ?


 'LVFXVVLRQV
$ FRPSOHPHQWDU\ PXOWLWHFKQLTXH DSSURDFK SURYLGHV YDOXDEOH LQVLJKWV LQWR WKH PHFKDQLVPV
XQGHUO\LQJ WKH QHZ SURSRVHG ZHDU PRGHO IRU WKH '/& FRDWLQJ ZKHQ OXEULFDWHG E\ 0R'7&
FRQWDLQLQJ RLO $FFRUGLQJ WR RXU ;36 DQDO\VLV DQG WKH 7(0 FKDUDFWHUL]DWLRQV LW LV SRVVLEOH WR
DFFXUDWHO\GHSLFWWKHPXOWLOD\HUVWUXFWXUHRIWKH'/&FRDWLQJVWXGLHGLQWKLVZRUNDVLQ)LJXUH

 
)LJ'/&PXOWLOD\HUVWUXFWXUH

,WZDV LPSRUWDQW WRFRQILUPWKHSUHVHQFHRI6L&ERQGVRQ WKH'/& WRSVXUIDFH ,Q IDFW LQVRPH
VWXGLHV > @ VLOLFRQGRSHG FRDWLQJV DUH EHOLHYHG WR KDYH WZR GLIIHUHQW QHWZRUNV VLOLFD DQG
FDUERQEDVHG,QSDUWLFXODULWKDVEHHQUHSRUWHGWKDWWKHDPRUSKRXVVWUXFWXUHFRQWDLQLQJDPL[WXUH
RI VS DQG VS ERQGV LV LQWHUSHQHWUDWHGZLWK WKH6L2 QHWZRUN >@7KH UHVXOWV VKRZQ LQ WKH
SUHYLRXV VHFWLRQV GHPRQVWUDWH WKDW WKH '/& FRDWLQJ VWXGLHG LQ WKLV ZRUN SUHVHQWV D FRPSOLFDWHG
QHWZRUNIRUPHGE\FDUERQK\GURJHQVLOLFRQDQGR[\JHQDWRPVWKXVDOVRFRQWDLQLQJ6L&ERQGVLQ
DOOWKHZKROHWKLFNQHVVRIWKHQHWZRUN
$IWHUZDUGVDGHHSHUFKDUDFWHUL]DWLRQRIWKHWULERILOPIRUPHGRQWKHVWHHOEDOOWKDWZDVVOLGDJDLQVW
WKH'/&FRDWHGIODWFRXSRQZDVSHUIRUPHG(QHUJ\'LVSHUVLYH;UD\(';VSHFWURVFRS\DQDO\VLV
FRQILUPHGWKHSUHVHQFHRIPRO\EGHQXPEDVHGFRPSRXQGVDOORYHUWKHWULERILOP7KHLQYHVWLJDWLRQ
RI WKH WULERILOPZLWK+57(0 DQG6$('FOHDUO\ VXJJHVWV WKHJURZWKRI DPXOWLSKDVH WULERILOP
FRQWDLQLQJ 0R& VSHFLHV LQ DPDWUL[ PDGHRI FDUERQ DQG UHODWLYH VPDOO DPRXQWV RI PRO\EGHQXP
VXOILGHDQGPRO\EGHQXPR[LGHVSHFLHV&RQVLGHULQJWKHJRRGFRUUHODWLRQEHWZHHQWKHH[SHULPHQWDO
  ? ?
GDWDDQGWKHFRUUHVSRQGLQJ-&3'6ILOHWKHSUHVHQFHRIWKHIFF0R&VSHFLHVLQWKHUHODWLYHO\WKLFN
DQGFRQWLQXRXVWULERILOPIRUPHGRQWKHVWHHOEDOOLVQRWHG7KLVKDVDOVREHHQFRQILUPHGE\PHDQV
RI WKH6$('GLIIUDFWLRQSDWWHUQDQDO\VLVSHUIRUPHGRQDVLQJOHFU\VWDO7KHPRO\EGHQXPFDUELGH
FU\VWDOOLWHVGLVSOD\DIDFHFHQWHUHGFXELFVWUXFWXUHDQGHPSOR\LQJGDUNILHOGLPDJHV)LJXUHLW
LVSRVVLEOHWRLQGLYLGXDWHWKHJUDLQVL]HYDU\LQJEHWZHHQQPDQGQP
,QWKH+57(0LPDJHVVKRZQLQ)LJXUHWKHUHZDVREVHUYHGWKHSUHVHQFHRIDQH[WUDWKLQDQG
KHWHURJHQHRXVOD\HU6XUSULVLQJO\(';OLQHVFDQH[SHULPHQWVFRQGXFWHGRQWKHWULERILOPSODWLQXP
LQWHUSKDVHUHYHDOHGWLWDQLXPDVWKHPDLQFRPSRQHQW7KLVFRXOGEHH[SODLQHGE\VXSSRVLQJWKDWWKH
UHPRYDORI'/&IURPWKHFRDWHGFRXSRQRQWRWKHVWHHOEDOOLVVRFDWDVWURSKLFLQVRPHSODFHVWKDWLW
FDXVHVHYHQWKHWUDQVIHURIVRPHRIWKHWLWDQLXPVXEOD\HUDIWHUWKHFRPSOHWHUHPRYDORIWKH'/&
PDWHULDO
7KHFRPSDULVRQEHWZHHQWKHWULERILOPDQGWKH'/&KDUGQHVVWRWKHVWHHOVXEVWUDWHYDOXHLVXVHGWR
GHWHUPLQHLIWKHVWLIIQHVVRIWKHFDUELGHWULERILOPFDQSURGXFHDEUDVLYHZHDURIWKH'/&FRDWLQJ
7KHGDUNJUH\]RQHZHDUWUDFNDQGWKHZKLWHVSRWVFDUELGHWULERILOPVKRZQLQ)LJXUHH[KLELW
KDUGQHVV FRPSDUDEOH WR WKDW RI WKH VWHHO VXEVWUDWH )RU WKLV UHDVRQ WKH HQKDQFHG KDUGQHVV YDOXH
PHDVXUHGIRUWKH'/&FRDWLQJVXJJHVWVWKDWWKHDEUDVLYHZHDUVKRXOGQRWEHWDNHQLQWRDFFRXQWDV
WKHSULQFLSDOZHDUPHFKDQLVP
7KH UHVXOWV VKRZQ LQ WKLV SDSHU YDOLGDWH WKH K\SRWKHVLV WKDW WKH WULERILOP ZDV JHQHUDWHG E\ D
FKHPLFDO UHDFWLRQ EHWZHHQ WKH PRO\EGHQXP DWRPV DGVRUEHG RQ WKH VWHHO EDOO DQG WKH GDQJOLQJ
FDUERQJHQHUDWHGRQWKH'/&FRDWLQJDIWHUWKH6L&EUHDNLQJ
+RZHYHUDQDOWHUQDWLYHSDWKZD\LQYROYLQJWKHK\GURJHQDWHG'/&DVDFDUEXUL]LQJUHDJHQWFDQEH
SURSRVHG%DVHGRQWKHZRUNRI:DQJHWDO>@RQWKHV\QWKHVLVRIPRO\EGHQXPFDUELGHVGLUHFW
FDUEXUL]DWLRQRI0R2E\&++JDVPL[WXUHSURGXFHV0R&[ZLWKH[FHVVJUDSKLWLFFDUERQ7KLV
FRXOG EH SURYHG E\ LQYHVWLJDWLQJ K\GURJHQIUHH FDUERQ FRDWLQJV DQG VKRZLQJ WKDW WKH\ DUH OHVV
VHQVLWLYHWRFKHPLFDOZHDUE\0R'7&
  ? ?
7KHVH ILQGLQJV DOORZ WKH DXWKRUV WR SURSRVH IRU WKH ILUVW WLPH D PXOWLVWHS ZHDU PRGHO
VFKHPDWL]HGLQ)LJXUH0R6[2[FRPSRXQGVDUHVXSSRVHGWRIRUPILUVWRQWKHVWHHOFRXQWHUIDFH
0RO\EGHQXPEDVHG WULERILOP7KHQ6L±&ERQGVRI WKH6LGRSHG'/&EUHDNEHFDXVHRI IULFWLRQ
6XEVHTXHQWO\ 0RO\EGHQXP FRQWDLQHG LQVLGH WKH WULERILOP RQ WKH VWHHO EDOO PD\ UHDFW ZLWK &
GDQJOLQJERQGJHQHUDWHGRQ WKH'/&UHVXOWLQJ LQPRO\EGHQXPFDUELGHJHQHUDWLRQ LQDPDWUL[RI
0R2)H6FRPSRXQGV,QSDUWLFXODULWKDVEHHQFRQILUPHGWKDWWKHSULQFLSDOFDXVHRIWKHZHDULQJ
RXWRI'/&ZKHQOXEULFDWHGZLWK0R'7&LVWKHIRUPDWLRQRIPRO\EGHQXPFDUELGHFU\VWDOOLWHVRQ
WKHVWHHOEDOOWKDWVOLGHVDJDLQVWD&+6L2'/&7KHNH\UROHRIVWHHOLQWKHZHDUPHFKDQLVPKDV
DOVREHHQGHPRQVWUDWHG ,Q IDFW WKHWHVWSHUIRUPHGXVLQJWKH'/&'/&FRQILJXUDWLRQJDYHEHWWHU
IULFWLRQUHGXFWLRQDQGPXFK ORZHUZHDUZDVREWDLQHGRQ WKH'/& ,Q WKLVFDVHQRPRO\EGHQXP
FDUELGHFRPSRXQGZDVGHWHFWHGRQWKHUXEEHGVXUIDFHV
,Q DGGLWLRQ LW FRXOGEH LQWHUHVWLQJ WR LQYHVWLJDWH WKH HIIHFW RI WKH6LGRSDQW LQWURGXFWLRQ LQWR WKH
DPRUSKRXV'/&QHWZRUNRQWKLVFDUEXUL]LQJSURFHVV
$VVDLGEHIRUH LW LV LPSRUWDQW WRSHUIRUPIXUWKHUDQDO\VLV WRGHWHUPLQHZKHWKHU WKHK\EULGL]DWLRQ
FKDQJHRI FDUERQRQWR WKH'/&SOD\V DNH\ UROH LQ DFFHOHUDWLQJ WKH FRDWLQJ IDLOXUHPHFKDQLVPV
7KLVFRPSOHPHQWDU\DVSHFWZLOOEHWKHFHQWUDOFRUHRIDQRWKHUSDSHU
  ? ?
)LJ0XOWLVWHSZHDUPRGHOIRU'/&FRDWHGSODWHZKHQOXEULFDWHGE\0R'7&FRQWDLQLQJEDVHRLO
 &RQFOXVLRQ
7RJDLQ LQVLJKW LQWR WKHGUDVWLF'/&ZHDULQGXFHGE\0R'7&OXEULFDWLRQSRVWPRUWHPDQDO\VHV
KDYH EHHQ SHUIRUPHG RQ ERWK VWHHO DQG '/& VXUIDFHV DQG WKH IROORZLQJ ILQGLQJV KDYH EHHQ
REWDLQHG
±7KHSUHVHQFHRIPRO\EGHQXPFDUELGH0R&RQWKHVWHHOFRXQWHUSDUWWKDWZDVVOLGDJDLQVWVLOLFRQ
GRSHG'/&KDVEHHQHYLGHQFHGERWKE\;36DQGE\WKH7(0(';DQDO\VLVRI),%FURVVVHFWLRQ
VDPSOHV ,PSRUWDQW XQGHUVWDQGLQJV ZHUH REWDLQHG WKURXJK FU\VWDOORJUDSKLF VWXGLHV ZKHUH D
  ? ?
QDQRFU\VWDOOLQH VWUXFWXUH RI FDUELGHV DUH GLVSOD\HG ,PSRUWDQWO\ WKHUH LV QR FDUELGH RQ WKH '/&
FRXQWHUIDFH
±$SRVVLEOHUROHRIDEUDVLRQRI WKH'/&E\WKHKDUGFDUELGHEDVHGWULERILOPKDVEHHQGLVFXVVHG
7ULERILOP KDUGQHVV YDOXHV ZHUH REWDLQHG IURP WKH QDQRLQGHQWDWLRQ FXUYHV &RQVLGHULQJ WKDW WKH
WULERILOP
V PHFKDQLFDO SURSHUWLHV DUH TXLWH FORVH WR WKRVH RI WKH VWHHO VXEVWUDWH WKLV VWURQJO\
VXJJHVWV WKDW WKH DEUDVLRQZHDUPHFKDQLVP LVQRWSUHGRPLQDQW0RUHRYHU WKH VPDOO VL]HRI0R&
QDQRSDUWLFOHVHPEHGGHGLQWKHWULERILOPLVQRWLQIDYRXURIDWZRERG\DEUDVLRQSURFHVV
±7KHUHIRUHDOOWKHGDWDDUHLQDJUHHPHQWZLWKDFKHPLFDOZHDUPHFKDQLVP

$OWKRXJK WKH H[DFWO\ VWHSV RUGHU RI WKHZHDUPHFKDQLVP UHPDLQV XQFOHDU WKHVH UHVXOWV PLJKW EH
KHOSIXO LQ GHYHORSLQJ D QHZ 0R'7&FRQWDLQLQJ OXEULFDQW FRQVLGHULQJ LQWHUDFWLRQV ZLWK RWKHU
DGGLWLYHV DQG D GLIIHUHQW '/& FRPSRVLWLRQ RU VWUXFWXUH FRPSDWLEOH ZLWK WKH 0R'7& IULFWLRQ
PRGLILHU

 $FNQRZOHGJHPHQWV
7KLVVWXG\ZDVIXQGHGE\WKH)3SURJUDPWKURXJKWKH0DULH&XULH,QLWLDO7UDLQLQJ1HWZRUN0&
,71HQWLWOHG ³(17,&( (QJLQHHULQJ7ULERFKHPLVWU\ DQG ,QWHUIDFHVZLWK D)RFXVRQ WKH ,QWHUQDO
&RPEXVWLRQ(QJLQH´>@
7KH DXWKRUV ZRXOG OLNH DOVR WR DFNQRZOHGJH WKH &/<0 &HQWUH /\RQQDLVGH 0LFURVFRSLH
KWWSZZZFO\PIUIRUWKHDFFHVVWRWKH7(0-(2/)DQG'U'HHSWKL-RVHIRUWKHVXSSRUWLQ
GUDZLQJWKHZHDUPRGHO



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